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The average consumption of milk in Slovakia is 50 litres per person a year, which is less than the European average. The total consumption of milk and dairy products is 157 kilograms per person a year (Šajbidorová, 2012) . Slovak dairy products are currently of high quality and they can compete with foreign products.
The thermal treatment of milk is important in terms of high quality of the final product and in terms of energy demands of dairy production. Pasteurization is a thermal process in which temperatures lower than 100 °C affect the milk and 90-99 % of vegetative forms of microorganisms are eradicated (Kažimírová, 2005) .
Pasteur criterion is used for quality evaluation of pasteurization. Its value is calculated as a ratio of necessary time of pasteurization at the specified temperature and real time of milk flow through effective zones of the pasteurizer (Groda, 1996) .
The energy demand of food production is compared to its nutrition energy efficiency. It is a ratio of the food's energy value and energy consumption in its production. Its inverted value describes how many times energy consumption is higher than the usable energy value of food (Šepitka a Šepitková, 1988).
The goal of this paper is the analysis of thermal treatment of milk intended for the production of human nutrition. It is focused on determination of heat energy for milk pasteurization, consisting of consumption of heat for achieving the pasteurization temperature and refrigeration duty for cooling of milk after pasteurization, inactivation effect and Pasteur criterion by which pasteurization effectiveness is evaluated.
Measurements were performed in the pasteurizer PPM 2010 AN. The performance of the pasteurizer is 20,000 litres per hour. Dismountable plate pasteurizer is composed of four sections, frame and partition panels. A centrifuge, homogenizer and holding tube, surge tank with floater, milk pump, hot water tank, hot water pump, water-steam mixer, connecting pipe and armature are components of the pasteurizing system.
Plates Sigma with a surface area of 0.5 m 2 that have the greatest effect on thermodynamic properties as a basic module are used in the pasteurizer. The thickness of the plate is 0.6-0.8 mm. Plates are made of titanium. The efficient surface of plates is burnished, which, combined with turbulent flow, is manifested by minimizing of incrustations and dirt generation.
This pasteurizer is countercurrent; hot water (up to 110 °C) is used for milk heating in the pasteurization section. Cooling water is used for milk cooling in the cooling section.
Heat consumption by pasteurization
Measurements of milk temperatures in the plate pasteurizer are necessary for determination of heat consumption. Milk and water temperatures are measured in points made accessible by pasteurizer design. These points are shown in Heat consumption for milk heating from temperature t 1 to pasteurization temperature tp is calculated using the equation:
where:
m1 o -milk flow, kg/s c 1 -specific heat of milk, J/(kg.°C) t 1 -temperature of raw milk, °C t p -pasteurization temperature of milk, °C Specific heat consumption for heating of milk is:
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Specific refrigeration duty for milk cooling after pasteurization:
The efficiency of heat recuperation in regeneration sections is calculated using the equation:
Real heat consumption for milk heating is:
Real specific heat consumption is:
Milk temperature at the input of the cooling section t 9 is calculated by calorimetric equation, using measured individual temperatures and refrigeration duty in the cooling section:
Output temperature of hot water t 10 is also calculated by calorimetric equation:
m c t t m c t t t t m c Q
Qp o -heat consumption in the pasteurization section, W
Inactivation effect determination
The pasteurization process of milk is efficient if the milk retains pasteurization temperature for the duration needed to inactivate pathogenic microbiota in the milk. To evaluate the pasteurization efficiency, Pasteur criterion (PA), according to which the pasteurization process is effective if PA $ 1, can be used.
figure 1
Schematic diagram of plate pasteurizer with measurement points 1 -initial temperature of raw milk t 1 ; 2 -temperature of milk between the first and second regeneration section t 2 ; 3 -temperature of milk at the input of pasteurization section t 3 ; 4 -pasteurization temperature t 4 = t p ; 5 -input temperature of hot water t 5 ; 6 -input temperature of cooling water t 6 ; 7 -output temperature of cooling water t 7 ; 8 -temperature of milk at the output of cooling section t 8 
Evaluation of results
Measured values of temperatures were processed by a descriptive statistics procedure. Mean ( x r ), standard deviation (SD) and standard error of mean (SE mean) were calculated. Average temperatures were used for calculation of heat consumption and refrigeration duty in pasteurization and Pasteur criterion using equation (10).
Measured values of temperatures in individual measurement points are shown in Tab. 1. Ten measurements were done during continuous operation and average values were calculated using these results. Means were used for following calculations.
Average values of individual temperatures, standard deviation and the standard error of mean were statistically determined. These values are shown in Tab. 1. Results of measurements show that all values of individual temperatures are clustered in intervals with small margins. This is a consequence of a well-functioning control device and points out that at the time of measurements, fluctuations of energy supply did not occur, which means that the steam for production of hot water had constant pressure.
Heat consumption calculation
Theoretical heat consumption for heating of milk from the input temperature of raw milk to pasteurization temperature, calculated using Equation (1), is 1,642.52 kW. Milk flow through the pasteurizer was 5.72 kg/s; the specific heat of milk at 40 °C is 4,300 J/(kg.°C).
Theoretical specific heat consumption calculated using Equation (2) is 287.15 kJ/kg.
Refrigeration duty for cooling of milk after pasteurization is 214.67 kW. The flow of cooling water was 11.1 kg/s; the specific heat of cooling water at 4 °C is 4,186 J/(kg.°C). Specific refrigeration duty calculated using Equation (4) is 37.5 kJ/kg.
The efficiency of recuperation calculated using Equation (5) is 0.82. Real heat consumption for milk heating calculated using equation (7) is 295.65 kW, and real specific heat consumption calculated using equation (8) is 51.69 kJ/kg. The difference between theoretical and actual heat consumption is caused by heat savings that were reached in regenerative heat recovery sections.
Milk temperature at the input of the cooling section t 9 calculated using equation (8) is 13.62 °C.
The output temperature of hot water t 10 is calculated using equation (9). Its value is 78.47 °C. Hot water flow was 11.1 kg/s.
Inactivation effect determination
The pasteurization section, tubular holding tube and regeneration section (in milk backflow) partake in inactivation of pathogenic microorganisms by thermal treatment.
Pasteur criterion is calculated using the values of holding time and pasteurization temperature of milk. The holding time of milk through the holding tube was 25 seconds. The holding time needed in pasteurization at a temperature of 72 °C is 11 seconds. This time was determined from the graph in Fig. 2 (Prekopp, 1966) .
This graph was constructed using the values calculated by Dahlberg's equation, in which constants characteristic of tuberculosis germs were used. The minimum temperature and the time of pasteurization are not sufficient to achieve the necessary pasteurization effect; therefore, it is required to increase these values. Pasteur criterion for the tube holder calculated using Equation (10) is 2.27. This value meets the condition of pasteurization effect efficiency PA ≥1.
Conclusion
The research paper deals with the heat treatment of milk, which is an important part of the production of high-quality results and discussion figure 2
Diagram of pasteurization temperature and time required to eradicate the microorganisms in milk Source: Prekopp, 1966 
